Electromagnetic light by action of charged electron modes into nanoholes in metal films. Abstract First, it is demonstrated that a speed of optical and infrared electromagnetic lights are increased by the terms of the interaction of the Bose-particles of electromagnetic field (light bosons) with charged electron modes into nanoholes in metal films. This reasoning implies that unusual highly transmission property of light into metal is provided by existence of light bosons but not surface plasmons as it is originally known.
INTRODUCTION.
Various models have been invoked in recent years [1] [2] [3] , for explanation of unusual highly transmission property of light which is propagated through arrays of nanometer holes in metal films. For explaining these results, the authors of these experiments use of a model of creation of surface plasmons (polaritons) on surface of metal with air by absorption light into metal. The later induces collective excitations of a electron density [4] which in turn provides a highly transmission property of a radiation.
However, in this letter, we demonstrate that the unusual highly transmission property of light, which is radiated through arrays of nanometer holes, is enhanced by existence of light bosons with spin one and mass m [5, 6] . The motivation for theoretical study of the interaction between charged electron modes and optical light or infrared light is an attempt a microscopic understanding of quantization scheme of electromagnetic field. As we show the terms, of the interaction between light bosons and a charged electron modes, lead to the increasing of speed of electromagnetic light into metal, which in turn confirms the existence of light bosons.
ANALYSIS.
The starting point our discussion is a model of metal films representing as the medium consisting of periodic array of sub-wavelength holes which are filled by electron gas. The later together with a background of lattice ions preserve charge neutrality of system. In this context, a charged electron gas is considered as an ideal Fermi gas of n identical charged electrons with mass m e and charge e, in a box of volume V . The light in the visible to nearinfrared range incident on the boundary air-metal and interact with charged electron gas of metal. For beginning, we consider the Hamiltonian radiation of electromagnetic light, which consists of N neutral light bosons with spin one and mass m [5, 6] :
where
and H k are, respectively, the second quantzation vectors of wave functions, which are represented as the vector Bose-operators "creation" and "annihilation" of the Bose-particles with spin one occupying the wave
is the boundary maximal wave number; c is the speed of light. In this context, H + k H k is the scalar operator of the number the Bose-particles with spin one occupying the wave vector k.
We now consider the electron gas as an ideal Fermi gas consisting of n free charged electrons with mass m e which is described by the operator Hamiltonian:
whereâ
andâ k,σ are, respectively, the Fermi operators of creation and annihilation for free charged electron with wave-vector k and energy
, by the value of its spin z-component σ =
which satisfy to the Fermi commutation relations [· · ·] + as:
We now are aimed to describe the property of the model a light boson gascharged electron gas mixture confined in a box of volume V . In this context, the main part of the Hamiltonian of a light boson gas-charged electron gas mixture consists of the term of the Hamiltonian of the light Bose-particles (1) and the term of the Hamiltonian of an ideal Fermi charged electron gas as (3) well as the termĤ Q of the interaction between the density of the light boson modes and the density of the charged electron modes:
To present the HamiltonianĤ Q of the interaction between light boson modes and charged electron modes, we introduce the method of second quantization for system of n fermions [7] . Thus, we may rewrite down the second quantization wave functions for one charged electron in point of coordinate r in following form:
and
In beginning, we consider the term H Q between light boson modes and an charged electron modes:
where H q is the Hamiltonian of interaction between one neutral atom with electromagnetic field which was proposed by Dirac in [8] :
where p = −ih∇; m e and e are, respectively, a mass and a charge of charged electron; A is the vector potential of electromagnetic light which is determined in [6] by following way:
where H 0 is presented through the Bose operators H + k and H k :
Inserting (11) in (10) by taking into consideration (7)- (10), and also
with applying of (12) and (13), we may rewrite down:
Hence, we note that the Fermi operatorsâ k,σ ,â k,σ and the Bose operators H + k , H k communicate with each other because they are in depended. The introduction of the random -phase approximation [9] , proposed by Bohm-Pines, has a following form:
In this respect, an application of later in (15), we obtain the term of operator
Thus, the main part of the Hamiltonian of a light boson gas-charged electron gas mixture, by application (1), (2) and (16), reduces to a following form:
The evaluation of energy levels of the operatorsĤ in Eq. (17) within diagonal form, we apply new linear transformation of a vector Bose-operator which is similar to the Bogoliubov transformation for a scalar Bose-operator [10] :
where M k is the real symmetrical functions from a wave vector k. which transforms a form of operator HamiltonianĤ by following way:
where v is the velocity of photon in charged electron medium, which equals to
Using of a meaning of m = which characters a value of density of the charged electron gas.
In this respect, we obtain a following form for velocity of light in charged electron gas:
Obviously, at high density charged electron gas r s ≪ 1, there is a result v ≫ c but at low density charged electron gas r s ≪ 1, a speed of light in (23) is approximated as
which implies that v > c For example, the parameter r s is varying as 2 < r s < 5.5 for a realistic metals which means that c < v < 1.6c as result of (23).
Thus, we proved that velocity of electromagnetic waves increases its speed at propagation trough metal because the velocity v of light is rather than one in vacuum, due to an interaction between charged electron modes and light boson modes. On other hand, we confirm the existence of light bosons in nature because the later opens a new explanation of unusual highly transmission property of light through arrays of nanoholes into metal films.
